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(57) A display apparatus for mobile telephones and like hand held devices comprises a light source 4, 3 !icy il ? 
crystal display 5 and a scresn 6 onto which the image from the liquid crystal -display *s projected. Trie screen 
translucent and magnifies the image. The screen may beat !@e$t partially reflexive and be constituted by s 
keypad. There may be two or more light sources drffering in colour. 
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DISPLAY APPARATUS 



This invention relates to display apparatus. 

LCD {liquid crystal display} units are commonly used in hand-held equipment. 
In their normal form they comprise a twisted nematic device with a mirror 
behind, However, they have several disadvantages. For example, in confined 
spaces the size of image that can be achieved is limited by the need to fit 
connections around the sides of the LCD unit. It is also desirable to reduce the 
size of the display unit to leave more room inside the equipment without 
reducing the size of the image. 

According to a first aspect of the present invention there is provided display 
apparatus for hand-held equipment, comprising a display means adjustable to 
vary the transmission of light therethrough and a light source for transmitting 
light through the display means. The display apparatus preferably comprises a 
screen for receiving light transmitted through the display means. 

According to a second aspect of the present invention there is provided display 
apparatus comprising a display means adjustable to vary the transmission of 
light therethrough, a light source for transmitting light through the display- 
means and a screen for receiving light transmitted through the display means. 
In this aspect of the invention the display means is suitably for hand-held 
equipment. 

The light source is suitably located behind the display means. The light source 
is preferably a substantially localised light source. Preferablv the apparatus is 
arranged so that a divergent beam of light is transmitted towards the display 
means and/or the screen. The light sourc : preferably projects light through the 
display means. 
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The apparatus may have more than one light source and suitably those light 
sources may each emit different colours of light from each other. 

The display means suitably has an active region that is adjustable to vary the 
transmission of light Through the display means. The active region is suitably 
planar and spaced from the light source. The transmission of light through the 
display means or any part of it is preferably adjusted electrically, suitably by a 
control means of the display apparatus, which is coupled to the display means. 

The screen is suitably located at or near the exterior surface or the hand-held 
equipment. The screen is preferably arranged so that an image generated by 
the display means is displayed on the screen. The image is preferably enlarged 
in comparison to the corresponding pattern at the active region of the display 
means. The active region of the display means is suitably spaced from the 
screen to allow for magnification of the image, The screen may be translucent 
so that at least some of the light from the light source that has passed through 
the display means may be transmitted through the screen after passing through 
the display means. Alternatively, the screen may be opaque and may 
preferably reflect at least some of the light that has passed through the display 
means. At least part of the screen may be integrated with or co/.siituted by at 
least part of a pressure-sensitive input means such as a keypad. 

The display apparatus may be integrated into a self-contained display device. 
The display apparatus is preferably adapted to be contained in the hand-held 
equipment. The hand-held equipment is preferably a hand-held device such as 
a portable telephone. 

The present invention will now be described by way of example with reference 
to the accompanying drawings, in which: 

figures 1 to 5 3nd 9 shew schema :ic cross-sectional views of hand-held, 
portable telephones; s^nd 
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figures 6 to 8 show schematic external views of other hand-held, 
portable telephones. 

Similar parts are given the same reference numerals in each figure. 

Figure 1 shows a hand-held, portable radio telephone 1 having an outer casing 
or body 2 and including display apparatus shown generally at 3. The display 
apparatus comprises a light source 4, a display means 5 and a display screen 6. 
Transmission of light through the display means is adjustable by control means 
7. The light source is located behind the display means (as seen in the viewing 
direction). It can transmit light, as indicated by beam 8, through the display 
means (from one side of the display means to the other) to the screen 6 when 
at least part of the display means permits light to be transmitted through it. 

The light source 4 is an LED (light emitting diode). It could be any other 
suiabie light source, for example an incandescent electrical bulb. As illustrated 
in the figures the light source is localised, notably in a plane normal to the 
general direction of beam 8. In the embodiment of figure 1 this is aiso the 
plane of the display means and the screen. 

The display means is, for example, an LCD unit. The figures illustrate a twisted 
nematic LCD unit 5, having a generally planar active region of liquid crystal 
molecules encapsulated between transparent plates 9, 10. In the conventional 
way electric charges can be applied between electrodes 11a, 11b and 12a. 12b 
to vary the polarization of light pasr/ng through various parts of the unit. In 
conjunction with polarizers 13, 14, which are to be regarded as part of the 
display means, this has the effect of varying the transmission of light through 
various parts of the unit, in a pattern defined by the pattern of the electrodes' 
locations. The polarizers can be in the form of film sheets. They can be 
located near the plates 9, 10 (as illustrated in figure 1) or nearer to the LED or 
the screen (as illustrated in figure 2). The LCD unit does not include a rear 
mirror as is present in the prior art c scribed above 
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The control means 7 is a processing unit coupled to the LCD unit by connectors 
15 arranged in the conventional way at the edge of the unit. 

The screen 6 shown in figures 1 to 5 is a sheet of rigid, translucent materia! 
(for example a suitable plastics material) located at the exterior surface of the 
telephone. Light from the light source that passes through the LCD unit is 
projected to the rear of the screen to form an illuminated image on the screen, 
visible from the from, corresponding to the pattern of light transmission through 
the LCD unit. The translucent screen diffuses to some extent the light received 
from the light source {either because of its interna! structure or because of 
surface roughening), so that from the outside the translucent screen appears 
bright in regions where it is lit by the light source. The translucent screen also 
has the aesthetic advantage that from outside it is not possible to view the 
interior of the telephone accurately through the screen. The screen could be 
opaque in regions where the image is not to be displayed. 

The image formed on the screen is magnified in comparison with the 
corresponding pattern at the activa region of the LCD unit. This res jits from 
the optical arrangement in the display apparatus. In the direction of the light 
beam the active region of the LCD unit is spaced from the light source and from 
the screen. One way to achieve the magnification is then by causing light from 
the LED to be dispersed in a divergent beam between tr * active region of the 
LCD unit and the screen. The light source itself may emit a divergent beam, as 
in figure 1. Alternatively, or in addition, light directing means such as lenses or 
mirrors may be located between the light source and the active region of the 
LCD unit or between the active region and the screen and used to direct a 
divergent bv m. Figure 3 illusuotes the use of a magnifying lens 13 located 
between ths active region of the LCD unit and the screen. 

In comparison with conventional display apparatus the magnification allows a 
smaller LCD unit to provide an image of the same size. This leaves more room 
inside the casing of tho telephone Also, the screen and the ima^e on it can 
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extend close to the edge of the telephone, whereas in conventional display 
apparatus room normally has to be left for the connectors at the edge of the 
LCD unit. 

Other arrangements of display may be used. Figure 4 illustrates a mirror 17 
which divides the light beam 8 into beams 8a, 8b. The divided light forns 
images on separate screens 6a, 6b. More than one light source 4 may be used 
to project light through a single display means, as illustrated in figure 5. Each 
light source may emit light of a different colour from the other{s) to produce 
images having portions of different or mixed colours. A divider, for example in 
the form of a slat 18, may be used to separate light from light sources into 
distinct beams of light. 

Figure 6 illustrates an embodiment in which the screen 6 is transparent, and 
acts as a lens, and the display apparatus projeccs the light to form an image 
that can be displayed on a surface distant from the telephone 1. A keypad 21 
is provided in the normal way on the face of the telephone. 

Figure 7 illustrates an embodiment in which the display apparatus comprises an 
op que screen (or cover) hinged to the end of the outer casing of the 
telephone. In its closed configuration 13a the screen shields the remainder of 
the display means. In its open configuration 19b the screen provides a surface 
20 outside aiv.i spaced from the main body of the telephone on which an image 
can be projected. The screen reflects at least some of the light that passes 
through the display means so that a user can see the image on the screen. The 
screen could be movable with respect to the body of the telephone in other 
ways; for example it could be slideable from one configuration to the other. 

Figures 8 an.' 9 illustrate embodiments in which informal! :n is displayed by the 
display means on a keypad of the telephone. In these embodiments the 
keypad, or at least part of it, constitutes the screen. The displayed information 
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